We investigated whether repeat prostate biopsies are associated with more favorable prognoses, less extensive disease or higher rates of IC in patients who are ultimately diagnosed with prostate cancer and treated with RRP. Materials and Methods: We examined standard clinical and pathological data on 1,357 patients treated with RRP from 1983 to 2001. In addition, we noted the rate of IC in a subgroup of 847 patients in whom tumor volume was measured. Results: Cancer was found in 1,042 patients (77%) at the first biopsy, in 227 (17%) at the second biopsy, in 59 (4%) at the third biopsy and in 29 (2%) at the fourth or later biopsy. Patients with 2 or greater biopsies had a higher rate of clinical T1c stage cancer and larger prostates than patients with only 1 biopsy (each p Ͻ0.0001). After RRP patients with 1 biopsy had a lower rate of organ confined tumors (61% vs 75%, p Ͻ0.0001), and a higher rate of extracapsular extension, seminal vesicle invasion, lymph node metastases and Gleason sum 7 or greater than other patients. IC was found in 10% of patients with 1 biopsy and 18% of those with 2 or greater biopsies (p ϭ 0.018). Despite these more favorable pathological outcomes there was no difference in biochemical recurrence rate. Conclusions: Although we found that a greater number of biopsies was related to a better pathological outcome after RRP, the number of biopsies did not predict disease recurrence. The increasing number of biopsies currently being performed, especially in patients with larger prostates, likely results in higher rates of IC.
I ncreased PSA and/or abnormal DRE is the most frequent finding prompting prostate biopsy. At initial biopsy 20% to 30% of patients are diagnosed with prostate cancer and the rest are followed clinically and possibly undergo repeat biopsies. 1, 2 The decision to repeat the biopsy is generally supported by increasing PSA, PSA velocity greater than 0.75 ng/ml yearly, low free PSA, abnormal DRE or a pathological finding related to an increased risk of cancer, such as high grade prostatic intraepithelial neoplasia or atypical small acinar proliferation. [3] [4] [5] [6] [7] [8] [9] The clinical significance of cancer detected on repeat biopsy has been studied previously. Epstein et al reported that cancers were found more frequently in the transitional zone or laterally in the peripheral zone in patients with a previously negative biopsy. 10 However, cancers detected at the initial biopsy were more often found in the posterior or posterolateral zone of the prostate. Patients diagnosed with cancer at the first biopsy and patients with cancer diagnosed at repeat biopsy did not have different pathological stages or cancer volumes. However, Epstein et al found that these patients had higher volume prostate glands and a higher rate of IC. We determined if repeat prostate biopsies before the diagnosis and treatment of prostate cancer with RRP are associated with more favorable prognosis, less extensive disease or a higher rate of IC.
MATERIALS AND METHODS

Patient characteristics.
The subjects of our study were 1,357 patients diagnosed with prostate cancer (clinical stages T1 to T3a) and treated with RRP, as performed by 1 surgeon (PTS) from 1983 to 2001. Clinical and pathological data were collected prospectively. The 1992 TNM staging classification was used for clinical staging. 11 No patients received prior radiotherapy, cryotherapy or neoadjuvant hormonal therapy. Biopsies were performed with an 18 gauge needle biopsy gun under transrectal ultrasound guidance.
Clinical and pathological analysis. Clinical variables were patient age, serum PSA (natural logarithm), clinical stage, biopsy Gleason grade, prostate volume on transrectal ultrasound, the number of prostate biopsies performed and year of surgery. PSA was measured with the Hybritech Tandem-R® assay.
RRP specimens were reviewed according to a previously described protocol. 12, 13 A primary and secondary Gleason grade was assigned to the entire cancer in the specimen. Pathological stage was classified as organ confined, extracapsular extension, seminal vesicle invasion or positive lymph nodes. Cancer at the inked margin was considered a positive surgical margin. In a subset of 847 patients tumor volume was measured using a planimetric method. In these patients the rate of IC was determined and defined as an organ confined tumor less than 0.5 cm 3 in volume with Gleason grade 3 or less. 14 Followup. After RRP patients were scheduled for followup every 3 months during year 1, every 6 months until the fifth year and then annually. PSA was assessed at each visit and DRE was performed annually. Disease recurrence was defined as local recurrence, evidence of distant metastasis on bone scan or other tests, or a persistently increased PSA of 0.4 ng/ml or greater.
Statistical analysis. The variables used were final Gleason sum, total tumor volume, IC, pathological stage and surgical margin status. The chi-square test was used for comparisons between categorical variables and to analyze trends. The Spearman rank correlation test compared tumor volume and prostate gland size with the year of surgery, number of biopsies and patient age. For comparing continuous variables, we used the Wilcoxon rank sum test. Statistical significance was considered at p Ͻ0.05. Multivariate logistic regression assessed the relationship between clinical variables and the presence of nonorgan confined and IC. Progression-free probabilities were obtained using the Kaplan-Meier method and we calculated the association between progression-free probabilities and the number of biopsies using the log rank test. We analyzed preoperative clinical findings and number of biopsies with regard to progression-free probabilities using Cox proportional regression. The analyses were performed using SPSS 9.0 (SPSS, Chicago, Illinois). Table 1 lists clinical stage, PSA and biopsy Gleason sum. Mean patient age was 62.1 year (range 37 to 81) and mean PSA was 9.36 ng/ml (range 0.5 to 100). Of these patients 75% had PSA less than 10 ng/ml.
RESULTS
The majority of the patients (94%) had clinical stages T1-T2 disease and 40% had nonpalpable T1c cancer. Prostate cancer was diagnosed at the first biopsy in 1,042 patients (77%), at the second biopsy in 227 (17%), after a third biopsy in 59 (4%) and at the fourth or later biopsy in 29 (2%). The number of biopsies needed to diagnose cancer increased historically (p Ͻ0.0001, fig. 1 ). For example, only 7 of 355 patients (2%) treated before 1993 underwent more than 1 biopsy compared to 154 of 385 (40%) treated after 1998. For biopsies in which the number of cores taken was available a median of 6 cores was obtained at the first biopsy, 8 were obtained at the second, 7.5 were obtained at the third and 8 were obtained in patients with 4 or greater biopsies. A median of 8.5 months elapsed between the first and second biopsies, 26.5 months elapsed between the first and third biopsies, and 41.1 months elapsed between the first and fourth or final biopsies. Table 2 shows the association between the number of biopsies and clinical features. Compared to patients diagnosed after 2 or greater biopsies those diagnosed at the initial biopsy were more likely to have a smaller prostate gland (p ϭ 0.0001) and abnormal DRE (clinical stage T2 or T3, p Ͻ0.0001). There was no difference in the number of patients diagnosed with a biopsy Gleason sum of 7 or greater whether they were diagnosed with cancer at the initial biopsy or after repeat biopsies (p ϭ 0.14). Table 3 shows the relationship between the number of biopsies and the pathological features of cancer in the RRP specimen. Of the 1,042 patients diagnosed on the initial biopsy 61% had organ confined cancer compared to 75% of 315 diagnosed after 2 or greater biopsies (p Ͻ0.0001). Similarly the frequency of extracapsular extension, seminal vesicle invasion and positive lymph nodes was higher in patients with 1 biopsy than in those with 2 or greater biopsies. The frequency of poorly differentiated cancer (Gleason sum 7 or greater) in the RRP specimen was higher in patients diagnosed with cancer at the first biopsy than in those diagnosed after 2 or greater biopsies (p ϭ 0.038). The rate of positive surgical margins was the same in all groups (13% overall).
In a subgroup of 847 patients in whom total tumor volume was measured, including 717 with 1, 96 with 2, 21 with 3 and 13 with 4 biopsies, we found a significant decrease in tumor volume associated with an increase in the number of biopsies. Mean followup in the entire group was 32 months (range 1 to 169). The progression-free probability at 5 years was 78.7%. Patients with 1 biopsy had progression-free probabilities similar to those in patients with 2 or greater biopsies (77.4 and 80%, respectively, p ϭ 0.64, fig. 2 ). PSA (p Ͻ0.0005), biopsy Gleason score (p Ͻ0.0005) and clinical stage (p ϭ 0.002) were significant predictors of progression, although the number of biopsies was not a significant predictor (p ϭ 0.76).
DISCUSSION
There is significant controversy about repeat biopsies and their relationship to prostate cancer outcomes. 9, 10 In the European Prostate Cancer Detection study Djavan et al studied 1,051 patients with PSA 4 to 10 ng/ml who underwent sextant prostate biopsies. 9 In 820 patients with negative initial biopsies they performed subsequent biopsies at 6 to 8-week intervals and found that cancer detected at the second biopsy was similar in pathological stage and volume to cancer detected at the first biopsy. However, cancers detected at the third and fourth biopsies were smaller, more often unifocal and had a lower pathological stage than those found at the initial biopsy. They concluded that second biopsies are justified in patients with negative first biopsies but 3 or greater biopsies should be obtained only in select patients. 9 In contrast to their study, we found significant differences between the pathological features of cancer found at the initial biopsy and cancer found at 2 or greater biopsies. Of the patients in our series who underwent 2 biopsies and in whom tumor volume was measured 76% had organ confined disease and a tumor volume of 1.62 cm 3 , in contrast to the 60.9% and 4.9 cm 3 , respectively, in the 83 patients in the study of Djavan et al. Furthermore, in our 768 patients with PSA between 4 and 10 ng/ml we found an increased rate of organ confined tumors (70% vs 81%, p ϭ 0.006) and IC (4% vs 9.5%, p ϭ 0.018) between those diagnosed at the initial biopsy and those diagnosed after 2 or greater biopsies. However, the patient population in the screening trial of Djavan et al differed from ours. The study of Djavan et al was prospective with patients undergoing early repeat biopsy (within 6 to 8 weeks). Patients were mainly referred from elsewhere and different criteria were used for repeat biopsy.
Epstein et al analyzed the use of repeat sextant biopsies to evaluate the extent of prostate cancer in patients with a previous positive biopsy. 15 Patients in whom cancer was not discovered during repeat biopsy (31%) had a higher probability of confined (89%) and indolent (66%) tumors than patients in whom cancer was discovered during initial plus repeat biopsies. Interestingly the false-negative rate was even higher (50%) in their patients with prostate volume more than 70 cm 3 . This study highlights the overall falsenegative rate of 31% for sextant biopsies and shows that these particular patients, who are similar to our repeat biopsy group, have a better pathological stage and a higher rate of indolent tumors after surgery.
Our multivariate analysis demonstrated that the number of previous biopsies as well as the standard preoperative variables (PSA, clinical stage and Gleason score) is related to a higher probability of organ confined tumors and IC. These findings are likely explained by the smaller tumor burden found in this group of patients. These patients were also found to have higher total prostate volumes, lowering the proportion of cancer in the prostate gland.
Patients with repeat biopsies tend to have larger prostate glands. This could explain why these patients have higher than normal PSA even if cancer is minimal. Epstein el al reported that patients with repeat biopsies had high total prostate volume. 10 Patients with prostates more than 75 cm 3 had twice the chance (32.5%) of having had a previously negative biopsy compared to those with smaller prostates (15.2%). Patients with repeat biopsies had better progression-free probability on univariate analysis than patients with only 1 biopsy (77% vs 90%). However, according to Cox proportional hazards regression the number of biopsies was not a significant predictor of progression-free probability.
In a subgroup of 847 patients those with repeat biopsies had smaller cancer volumes and higher rates of IC. Epstein et al compared patients with and without previous negative biopsies, and found a higher incidence of indolent tumors in the former group (28.4% vs 14.6%). 15 This rate of IC is higher than what we found even after acknowledging that they used a cutoff volume of 0.2 cm 3 to consider a tumor as "very limited." 15 Conversely they did not find a difference in pathological stage between the groups.
Prostate size may help explain why the rate of indolent tumors increases with the number of biopsies. 16, 17 Patients in whom cancer is discovered after only 1 biopsy frequently have prostate volumes less than 40 cm 3 . Increasing the number of cores taken in the initial biopsy will increase tumor detection without increasing the detection of IC, a fact that has been previously suggested. 17 However, patients with repeat biopsies have larger prostates and increasing the number of cores taken will increase the detection of IC in these patients. After analyzing tumor maps from 180 prostatectomy specimens Chen et al found that prostates more than 50 cm 3 had a 33% rate of small cancers (less than 0.5 cm 3 ) compared to 14% in those less than 50 cm 3 . 18 They concluded that the higher detection rate of smaller cancers in large glands is the result of a higher proportion of low volume cancers in these glands. They suggested that larger prostates tend to be biopsied due to benign increases in PSA rather than to significant cancer and they suggested against increasing the number of cores to compensate for the increase in size, which would risk increasing the detection of low volume tumors.
Despite the more favorable pathological findings we found no difference in biochemical outcomes. This may reflect the relatively short followup in our study (mean 32 months). An alternative hypothesis is that, while the pathological features are more worrisome in men diagnosed with prostate cancer after a single biopsy than after multiple biopsies, radical prostatectomy remains an effective cure even in the face of microscopic extraprostatic disease.
There are several limitations to our retrospective study. There was a lack of standardization of biopsy technique during the study course. This is more reflective of what happens in clinical practice, and it certainly has changed with time and will continue to do so. The long time frame of our study may also have confounded our results since there was substantial stage migration during this period. Lastly, there was a relatively small number of patients who underwent multiple biopsies before the diagnosis of prostate can- cer. Despite these limitations our results suggest the more favorable pathological nature of cancers diagnosed after more than 1 biopsy session.
CONCLUSIONS
Patients with previous negative biopsies before the diagnosis of cancer were more likely to have favorable pathological results after RRP compared to patients diagnosed at the initial biopsy. The rate of clinically IC increased with time, which may be explained by the increased number of biopsies obtained before identifying cancer and by increasing prostate gland volume in patients with repeat biopsy sessions. The number of biopsies did not improve predictions of treatment outcomes based on standard clinical information, including PSA, clinical T stage and biopsy Gleason sum. However, we believe that this variable may be useful in the future in a mathematical model predicting extracapsular extension and clinically indolent tumors.
EDITORIAL COMMENT
Prostate biopsy and the ability to detect significant prostate cancers remains an inexact science. Despite refinements in the last 2 decades, the specificity of prostate biopsy remains relatively poor. In fact, up to 25% of patients with prostate cancer are detected on repeat biopsies, as in this study. With modifications in biopsy technique designed to improve cancer detection the risk of over detection remains problematic. Accordingly these authors examined differences in specimen pathology and outcomes after radical prostatectomy based on the number of biopsies required to detect cancer. In terms of results they found that cases detected in the first biopsy had more adverse pathological features than those diagnosed on 2 or more biopsies. There was also a higher rate of incidental tumors found with increasing biopsy number. However, patients with tumors detected on repeat biopsy demonstrated similar rates of biochemical recurrence despite more favorable tumor characteristics. Limitations of this study are highlighted by the authors and include variable biopsy techniques and the often long interval between initial and subsequent biopsies. As our accuracy in cancer detection continues to improve, we will be increasingly challenged to more precisely match the treatment with the tumor biology. With repeat biopsies comes the increasing risk of detecting incidental prostate cancer. Whitmore said it best: "Is cure possible for men in whom it is necessary? Is cure necessary for men in whom it is possible?" It is the latter statement that applies directly to this topic. Thus, given the potential negative impact of treatment on quality of life, a future goal will be to prospectively identify these patients to avoid over treatment.
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